R&D on the
Superconducting ERL

llan Ben-2vi,
for the RHIC Electron Cooling Team
Collider-Accelerator Department
Brookhaven National Laboratory

June 13-14, 2005 llan Ben-Zvi, C-AD Machine Advisory Committee BROOKHFEVEN
NATIONAL LABORATORY



Statement of the problem:
HOMSs and wakefields

 There is no SRF ERL cavity available for =1,
high average current (=100 mA).

 The beam wakefields generate a huge
amount of power over a wide spectral range.

This power must be removed from the LHe
system and disposed safely.

 For ERL application, HOMs also lead to
beam-breakup.
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Loss factor

25 Z,C
Approximate loss-factor: \/7 JN,

47za

Given 6x10%0 electrons per bunch, 6=1.4 mm /2.7 mm,
bunch repetition frequency 28.2 MHz and ERL mode.

Cavity (single) | TESLA 1.3 GHz | BNL 0.7 GHz
K, (V/pC) 7.8 1.2
Power (kW) 39.6 6.6
Energy spread 30x104 5x10-4
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Existing & Future ERLs
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Beam breakup
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Some solutions:
1. A lower operating frequency

2. Strong damping of HOMs
3. Large iris diameters and beam pipe
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Choice of frequency —
additional considerations

* The lowest frequency linac structure JLAB

can handle in existing chemical cleaning is
~700 MHz

 High power CW Kklystrons (for the

photoinjector) exist only at 500, 700 and 1250
MHz.

* Superconductor BCS surface resistance goes
down with frequency squared,

e |Inexpensive and compact RF exists at 700
MHz or lower (UHF TV transmitters using IOT
devices)
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BCS and residual resistance
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Residual resistance <1 nQ possible
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Main Parameters:

Frequency 703.75 [MHZ]
RHIC Harmonic 25
| Number of cells | 5 \
| Active cavity length | 1.52 [m] |
| Iris Diameter | 17 [cm] |
| Beam Pipe Diameter | 24 [cm] |
G [ 225 |
| R/Q | 403.5 [©] |
| @ BCS @ 2K | 4.5 x 101° |
| Qea‘.?ﬁ | 3 x 10° ‘
[ Ep/Eq [ 1.97 |
| Hp/Ea | 5.78 [mT'/MV/m] |
| cell to cell coupling | 3% |
‘ Sensitivity Factor (‘—;) ‘ 833 ‘
| Field Flatness | 96.5 % |
| Lorentz Detuning Coeff | 1.2 [Hz/MV/m]| |
| Lowest Mech. Resonance | 96 [MHZz] |
| K (02— lem) | 1.1 [V/pC] |
| kL (0. — 1lcm) | 3.1 [V/pC/m] |
| HOM Power (10-20 nC) | 0.5-2.3 [kW] |
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Cryomodule Design
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Ferrite HOM dampers —
use Cornell development

Ferrite prototype for testing

HOM Power Capacity: 5-10 kW/ferrite

Real Ferrite Absarbers
VWendor ACCEL)
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Some Dipole Modes of Interest (By)

959 MHZ, Qear - 8 x 103

1.771 GHZ, Qear - 1.2 x 10%

965 MHZ, Quut - 1.4 x 103

973 MHZ, Qext - 3.3 x 102

e

4,73E-09 2.36E-09

5.88E-10 2.36E-09
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Higher Order Modes
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Multibunch BBU
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(4 Cavities - 54 MeV)

Simulations for eRHIC sized machine yet to be done,
but starting with a well damped cavity is a good beginning.
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Mechanical Resonances (D. Holmes - FEA)

Modes 1-5 (96 - 214 Hz) This cavity is stiff!
(important for Lorentz detuning
and acoustic vibrations)

Compact tuner, slow fast tuning,
475 kHz range.
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Superconducting RF gun under development.
Possibly could support polarized electrons production.
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ERL
Under construction
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